The objective of this study was to determine whether production and nutrient utilization differed when lactating cows were fed diets based on 1 of 3 sources of alfalfa silage (AS) and whether performance was altered by feeding rumen-protected Met (RPM; fed as Mepron). Thirty-six lactating Holstein cows were blocked by parity and days in milk, then assigned to a randomized complete block design and fed a 3 × 2 arrangement of diets formulated from alfalfa ensiled in bag, bunker, or oxygen-limited silos, and supplemented with either 0 or 8 g of RPM/d. After feeding a covariate diet for 3 wk, treatment diets were fed for the remaining 12 wk of the trial. Experimental diets averaged [dry matter (DM) basis] 41% AS, 24% corn silage, 24% high-moisture corn, 3.7% soybean meal, 4% roasted soybeans, 2% ground shelled corn, 1.0% minerals and vitamins, 16.7% CP, and 31% NDF. Alfalfa from the oxygen-limited silo was lower in ash, higher in lactate, nonfiber carbohydrate, and in vitro NDF digestibility, had lower pH and ammonia content, and gave rise to greater DM intake and ADF digestibility than silage from the other 2 silos, indicating a more effective fermentation that, in turn, resulted in greater nutrient preservation. However, the more favorable composition, intake, and digestibility of alfalfa from the oxygen-limited silo were not reflected in improved milk production, which was not different among alfalfa sources. There was increased apparent N efficiency and trends for improved feed efficiency and protein yield with RPM supplementation across all 3 silages. The National Research Council (2001) model predicted that feeding RPM reduced Lys:Met ratio from 3.5 to 2.9, indicating that the diets were limiting in Met.
IntrODuCtIOn
The conditions under which alfalfa is harvested and ensiled affect the quality of the silage and utilization of its nutrients by lactating dairy cows (Muck and O'Kiely, 2002) . The protein in alfalfa silage (AS) is particularly problematic, being subject to extensive degradation to NPN in the silo. We have observed NPN contents in AS that range from 43% (Nagel and Broderick, 1992) to as much as 87% (Muck, 1987) of total CP equivalent. The NPN in AS is rapidly degraded to ammonia in the rumen and, if not captured as microbial protein, will end up largely as urea-N excreted in the urine. Improvements in milk and protein yield with diets based on AS have been achieved by replacing solvent-extracted soybean meal with heat-treated soy protein sources that are higher in RUP (Broderick et al., 1990; Faldet and Satter, 1991) , and by feeding fishmeal (Broderick, 1992) and canola meal (Brito and Broderick, 2007) , both of which supply RUP that is high in Met and Cys. Moreover, other research showed that supplementing diets containing about 20% AS with rumen-protected Met (RPM) improved yields of milk, fat, and protein in 2 of 3 Latin square experiments (Broderick et al., 2008 (Broderick et al., , 2009 ). These results indicated that milk production could be improved on AS diets by increasing the supply of MP or the limiting essential AA. In another reversal trial, we found that fiber digestion and yield of fat and FCM were greater when cows were fed alfalfa ensiled in an oxygen-limited silo versus bag and bunker silos (Krizsan et al., 2007) . We speculated that RPM might be more effective when supplementing forages with greater energy availability.
A trial was conducted to study the effects on production and nutrient utilization of adding RPM as Mepron (Degussa Corp., Kennesaw, GA) to diets with differing sources of AS. In our previous work, we tested these variables in reversal trials where lactating cows were switched among dietary treatments every 4 wk. The objective of the current trial was to determine whether feeding alfalfa ensiled in bag, bunker, or oxygen-limited silos, with or without supplemental RPM, would improve milk production and nutrient utilization under a normal feeding regimen where animals remained on their diets throughout the experimental period.
materIaLS anD metHODS

Ensiling of Alfalfa
Alfalfa from the same 4 fields was ensiled in 3 different silos: bag (AgBag Systems Inc., St. Nazianz, WI), bunker, or oxygen-limited tower silo (Harvestore, Engineered Storage Products Company, DeKalb, IL). Dimensions of the bag, bunker, and oxygen-limited silos were, respectively, 2.4 m diameter × approximately 52 m long, 4.9 m wide × 22 m long × 3.6 m high, and 4.3 m diameter × 15 m high. First-cutting alfalfa was harvested over a 2-d period in May 2005 to produce regrowth of similar maturity across a total area of 82.4 ha. The second-cutting alfalfa was mown June 26 to 27, 2005, using a New Holland FX 58 forage harvester (CNH Global, New Holland, PA) and field-wilted for an average of 24 h. A portion of each field was allotted to each silo. On June 27 to 28, 2005, alfalfa was chopped to a theoretical length of 2.9 cm and filled without additives into the silos. On both dates, 2 out of 4 windrows were chopped and ensiled into the bunker and 1 out 4 windrows was chopped and ensiled into the bag. The last of the 4 windrows was chopped and ensiled into the oxygen-limited silo only on June 28. The target DM ranges for ensiled forage were 30 to 40% (bag and bunker) and 45 to 55% (oxygen-limited), as is recommended for these structures (Muck and Kung, 2007) . Drying conditions were good and no rainfall was recorded during harvest. All AS was weighed and sampled as ensiled and when fed out from each silo during the feeding study. Total DM losses in the silos were estimated as gaseous losses plus spoiled silage that was not fed. Gaseous losses were computed from the ratio of the total amount of DM removed (fed plus spoiled) to total amount of DM used to fill each silo. Silage densities in bag and bunker silos, calculated from the total amount filled and silo dimensions, were 197 and 293 kg of DM/m 3 , respectively. Composition data for the 3 AS sources are in Table 1 .
Feeding Study
Twenty-four multiparous Holstein cows averaging (mean ± SD) parity 2.7 ± 0.9, 51 ± 5 kg of milk/d, 130 ± 42 DIM, and 652 ± 38 kg of BW, and 12 primiparous Holstein cows averaging 42 ± 2 kg of milk/d, 135 ± 28 DIM, and 566 ± 21 kg of BW, were grouped by parity and DIM into 6 blocks of 6 cows for use in a Probability of significant effect of structure used to ensiled alfalfa silage. Total free AA N = total free AA, mmol × (40.3 mg of N/mmol of total free AA) (Broderick, 1987 Cows were housed in tie stalls and had free access to water throughout the experiment. Care and handling of the animals was conducted as outlined by the guidelines of the University of Wisconsin institutional animal care and use committee. Diets were offered once daily at 1000 h after orts were collected daily at 0900 h. Amounts of feed offered were adjusted daily to allow refusals equal to 5 to 10% of intake. Daily samples of approximately 0.5 kg of each silage, the high-moisture shelled corn, and each TMR and orts were collected, stored at −20°C, and used to make weekly composites. Weekly samples of soybean meal, roasted soybeans, and premixes were also taken.
Dry matter contents of samples of weekly composites and individual feed samples were determined by drying at 60°C (forced-air oven) for 48 h. The 60°C DM contents of dietary ingredients were used weekly to adjust as-fed compositions of the TMR. Dry matter intake was computed based on the 60°C DM contents of the TMR and orts. These samples were ground to pass a 1-mm Wiley mill screen (Arthur H. Thomas, Philadelphia, PA) and analyzed later for total N (Leco FP-2000 Nitrogen Analyzer, Leco Instruments Inc., St. Joseph, MI), absolute DM, ash, and OM (AOAC, 1980), sequentially (Van Soest et al., 1991) for NDF, ADF, and acid detergent insoluble N using heat-stable α-amylase and Na 2 SO 3 (Hintz et al., 1995) , and also for neutral detergent insoluble N without use of Na 2 SO 3 (Licitra et al., 1996) . Silage extracts were prepared in distilled water from weekly composites according to Muck (1987) , pH determined immediately, and extracts were analyzed for ammonia and total free AA (Broderick et al., 2004 ) using flow-injection (Lachat Quik-Chem 8000 FIA, Lachat Instruments, Milwaukee, WI), for NPN (Muck, 1987 ; VarioMax CN, Elementar Analysensystem GmbH, Hanau, Germany), and for organic acids and ethanol (Muck and Dickerson, 1988; Krizsan et al., 2007) . Dried AS samples were also analyzed for ruminal in vitro NDF digestibility (Goering and Van Soest, 1970) . Weekly TMR composites were analyzed for indigestible ADF (ADF remaining after 12 d of in situ incubation; Huhtanen et al., 1994) . The TMR composites also were analyzed for total fat (method 920.39, AOAC, 1997; Dairyland Laboratories, Arcadia, WI), starch (Hall et al., 1999 ; T. K. M. Webster, West Virginia Univ., Morgantown), and neutral detergent insoluble N (NDIN; Van Soest et al., 1991; Hintz et al., 1995) to compute NFC. Compositions of the 3 AS are in Table 1 and that of the diets are in Table 2 .
Cows were milked twice daily and milk yield was recorded at each milking throughout the covariate and experimental periods. Milk samples from both the a.m. and p.m. milking were collected on d 11 and 18 of the covariate period and d 11, 25, 39, 53, 67, and 81 of the experimental period. At collection, all milk samples were preserved with 2-bromo-2-nitropropane-1,3-diol. Individual a.m. and p.m. samples were analyzed for fat, true protein, lactose, and SNF by infrared analysis (AgSource, Verona, WI) with a Foss FT6000 (Foss North America Inc., Eden Prairie, MN) using AOAC (1990; method 972.16). For MUN determination, 5 mL of milk sample from each milking was treated with 5 mL of 25% (wt/vol) TCA. Samples were vortexed and allowed to stand for 30 min at room temperature before filtering through Whatman #1 filter paper. Filtrates were stored at −20°C until MUN analysis by an automated colorimetric assay (Broderick and Clayton, 1997) adapted to flow-injection (Lachat Quik-Chem 8000 FIA). Concentrations and yields of fat, true protein, lactose, and SNF, and MUN concentration were computed as the weighted means from a.m. and p.m. milk yields for each test day. Efficiency of conversion of feed DM was computed for each cow over the last 2 wk of the covariate period and for each 2-wk interval of the experimental period by dividing mean milk yield by mean DMI.
Fecal grab samples were collected from all cows about 6 h prefeeding (a.m. sampling) and 6 h postfeeding (p.m. sampling) on d 25 to 26, 53 to 54, and 81 to 82 (wk 4, 8, and 12 of the experimental period). Fecal samples were transferred to aluminum pans and held at 60°C in a forced-air oven until completely dry. Fecal samples were then ground to pass a 1-mm Wiley mill screen, and a single composite was prepared for each cow for each of the 3 sampling times by mixing equal DM from both samples. Fecal samples were analyzed for DM, OM, NDF, ADF, total N, and indigestible ADF as described earlier. Indigestible ADF was used as an internal marker to estimate apparent nutrient digestibility and fecal N output (Cochran et al., 1986) . At the times of fecal sampling, spot urine samples were obtained from all cows by mechanical stimulation of the vulva. After collection, 15 mL of urine was pipetted into specimen containers holding 60 mL of 0.072 N H 2 SO 4 and stored at −20°C until analysis. After thawing at room temperature, urine samples were filtered through Whatman no. 1 filter paper; filtrates were analyzed for creatinine using a picric acid assay (Oser, 1965) adapted to flow-injection analysis (Lachat Quik-Chem 8000 FIA), for total N (Leco FP-2000 Nitrogen Analyzer) and for urea with the colorimetric method used for MUN. Daily urine volume and excretion of urea N and total N were estimated from urinary creatinine concentration assuming a creatinine excretion rate of 29 mg/kg of BW (Valadares et al., 1999 
Statistical Analysis
Effect of AS source on composition traits was analyzed with the GLM (SAS Institute, 1999-2000) using a model that included silage and period, where a single mean was computed from individual weekly samples for each 4-wk period (n = 3 for each AS). Statistical analyses of all animal data except BW change, MUN, apparent digestibility, and excretion traits were conducted using the mixed procedures (SAS Institute, 1999-2000) using a model with an SP(POW) structure for repeated measures; the model included the covariate mean for each trait for each cow plus block, AS source, RPM level, and week, as well as the interactions silage × RPM, week × silage, week × RPM, and the 3-way interaction week × silage × RPM. The same approach was used for BW change, MUN, apparent digestibility, and excretion traits except the model did not contain the covariate. All variables were considered fixed, except cow, whole-plot error, and subplot error, which were considered random. Interaction terms were removed from the model when P ≥ 0.25. Least squares mean estimates for each of the 3 AS sources and for both levels of RPM are reported; separation of least squares was conducted at α = 0.05 using the PDIFF option in the LSMEANS statement. For all statistical analyses, significance was declared at P ≤ 0.05 and trends at P ≤ 0.10.
reSuLtS anD DISCuSSIOn
Silage Composition
Average chemical compositions of the 3 AS fed in this trial are in Table 1 . Mean CP concentrations >22% and mean NDF concentrations ≤43% of DM indicated that all 3 AS were of good to high quality. As is usually observed, >50% of total CP equivalent was found in NPN in all 3 silages (Broderick, 1995) . Nevertheless, there were several composition differences among the silages. Alfalfa ensiled in the oxygen-limited structure was lower (P ≤ 0.05) in ash, pH, ammonia-N, and acetate, and was higher (P = 0.01) in lactate and NFC with greater (P = 0.02) in vitro NDF digestibility than the other 2 AS. This indicated that fermentation was more effective in the oxygen-limited silo, resulting in better preservation of the organic matter and NFC originally present in the forage (Muck et al., 2003) ; this also suggested that energy availability on the diet formulated from that alfalfa would be greater. Butyrate, which may indicate presence of clostridial fermentation (McDonald et al., 1991) , was found in bunker AS but was essentially zero in AS from bag and oxygen-limited silos. Previously, we found small amounts of butyrate only in alfalfa from the bunker silo but otherwise little difference in composition of AS ensiled in bag, bunker, and oxygen-limited structures (Krizsan et al., 2007) ; however, ensiled forage material was perhaps too dry, ranging from 47 to 49% DM over the 3 AS in that study. Silage from bunker and oxygen-limited silos also contained greater (P = 0.04) proportions of total CP in fraction B3 (NDIN -ADIN) ; more of this protein fraction may escape the rumen (Sniffen et al., 1992) . Except for slightly higher content of lactate and NFC in AS from the bag, composition of alfalfa ensiled in bag and bunker silos was not different (Table 1 ). The DM contents of AS from the bag and oxygen-limited silos fell within target DM ranges of, respectively, 30 to 40% and 45 to 55%; bunker silage was slightly above the target range of 30 to 40% DM (Muck and Kung, 2007) .
Effect of Silage Source on Production
None of the interactions between silage source and RPM supplementation was significant (P ≥ 0.12), so these main effects will be considered separately. The 6 diets fed in this study averaged 41% AS and 16.7% CP and were generally of similar composition; the major chemical difference was that diets based on alfalfa from the oxygen-limited silo contained slightly less NDF and ADF and slightly more NFC (Table 2) . Compared with the other silages, cows fed that alfalfa also consumed more DM (P < 0.01), tended to have greater DM and organic matter digestibility, had higher ADF digestibility (P = 0.04), and were in relative positive N balance (P = 0.02; Table 3 ). The relative positive N balance derived from lower (P < 0.02) urinary urea N and total N, which paralleled lower (P < 0.01) urine volume on the oxygen-limited AS. Moreover, total DM losses, estimated as spoiled silage and gaseous losses, were substantially lower for AS from the oxygen-limited structure than the other 2 silos; spoiled AS that was not fed and gaseous losses were, respectively, 0.2 and 10.2% (bag), 2.9 and 15.3% (bunker), and 0.0 and 1.5% ensiled DM (oxygen-limited). Approximate feed-out rates were 60, 14, and 5 cm/d for, respectively, the bag, bunker, and oxygen-limited silos, and the feeding phase was conducted during summer months (from June 22 to September 14, 2006) when silage DM losses are most problematic. Moreover, this meant that all 3 1285 OUR INDUSTRY TODAY silages were stored for an average of 13 mo before being fed. The maximum temperature recorded during the trial was 36.7°C; mean minimum and maximum daily temperatures over this period were 13.3 and 27.8°C (for zip code 53578; https://weather-warehouse.com). Elevated temperatures may account for the lower DM intake (mean = 22.1 kg/d) compared with the covariate period (mean = 25.8 kg/d), as well as our previous trial (mean = 24.1 kg/d), and may partly explain the reduction in milk yield from that before the study (mean = 47 kg milk/d) and the covariate period (mean = 44 kg milk/d).
Despite the greater intake of AS with more favorable chemical composition and digestibility, greater yield of milk or milk components was not observed. Because intake was greater but production was unchanged, feed efficiency (milk/DM intake) was lower (P = 0.02) on diets containing alfalfa from the oxygen-limited silo versus that ensiled in the bag silo, while the bunker AS was intermediate. Nor did the differences in DM intake result in an effect (P = 0.63) on BW change. Our previous reversal trial showed that, in cows averaging 40 kg/d of 3.5% FCM, feeding alfalfa ensiled in an oxygen-limited structure resulted in greater yields of FCM and fat than feeding alfalfa ensiled in bag or bunker silos (Krizsan et al., 2007) . We speculate that the cows in the present study, which were eating 2 kg/d less DM and producing about 3 kg/d less FCM, were unresponsive to the greater nutrient supply from the higher quality alfalfa ensiled in the oxygen-limited silo. It is also possible that use of a randomized complete block design, rather than a Latin square or other reversal design, was too insensitive to detect actual production differences among these silage treatments. Nevertheless, the lack of an effect of silage source is difficult to explain. Surprisingly, MUN appeared to be unrelated to urinary N excretion and apparent N balance in this experiment.
Effect of RPM on Production
Supplementation with RPM tended to improve feed efficiency and true protein yield, and gave rise to a 2-percentage-unit increase (P = 0.01) in N efficiency across diets formulated from all 3 sources of AS (Table  3 ). The improved conversion of dietary CP to milk protein suggested that the 40 g/d greater yield of milk true protein was a real effect due to providing the limiting essential AA. A break-point analysis was used by NRC (2001) to estimate requirements for maximal milk protein concentration and yield of about 7.2% Lys and 2.4% Met in MP, giving an optimal Lys:Met ratio of 3.0. Based on the NRC (2001) model, Lys supply was on average 6.7% of MP; supplementing with RPM in this study increased Met supply from 1.9 to 2.3% of MP and reduced the Lys:Met ratio from an average 3.5 to 2.9 (Table 4) . This more favorable AA pattern may be expected to improve AA status and N utilization. Previously, we observed a mean increase of 35 g/d of true protein with no significant interaction with dietary CP content-cows had similar mean response to RPM at both 15.8 and 17.1% CP in the diet (Broderick et al., 2009) . That the magnitude of the milk protein response to RPM in the earlier Latin square reversal study, with 4-wk periods, was similar to that obtained when RPM was fed continuously over 12 wk confirms the effectiveness of this supplement under normal feeding conditions. Supplementation with RPM has been shown to increase milk yield (Schmidt et al., 1999) and milk protein content (Armentano et al., 1997; Berthiaume et al., 2006) and yield (Armentano et al., 1997; Rulquin and Delaby, 1997) . No effect of adding RPM to the diet was observed on nutrient digestibility in the current study.
Flows of MP and digested (metabolizable) Lys and Met, computed using the NRC (2001) model, were proportionate to DM intake and yielded mean estimates of, respectively, 2,027, 137, and 44 g/d (bag), 2,105, 141, and 44 g/d (bunker) , and 2,212, 147, and 47 g/d (oxygen-limited silo) ( Table 4 ). Because DM intake was somewhat less than 24 kg/d (Table 3) , supplementation with RPM increased apparent metabolizable Met by 8 rather than 9 g/d. If the optimal concentrations of Lys and Met in MP are 7.2 and 2.4% (NRC, 2001), then a "requirement" for these 2 essential AA may be computed using these proportions of the estimated MP supply. Estimated over the 6 diets, Lys supply ranged from 92 to 94% of requirement and Met supply averaged 79% of requirement without RPM and 97% of requirement with RPM addition (Table 4) . Optimal ratio of metabolizable Lys to Met is reported to be about 3.0 (NRC, 2001) ; RPM supplementation decreased the Lys:Met ratio from 3.4 to 3.6 to 2.8-2.9 (Table 4 ). These computations suggest that Met limited production before RPM addition and Lys was probably limiting after RPM addition to the diets fed in this experiment. The response of fat secretion to RPM supplementation ranged from −13 to 65 g/d, with overall mean of only 17 g/d (P = 0.72; Table 3 ); previously we observed a mean increase of 79 g/d with RPM addition to diets containing 21% AS with a greater proportion of dietary CP supplied by soybean meal (Broderick et al., 2009 ). However, overall mean true protein secretion increased 42 g/d, with range 25 to 73 g/d (Table 4) ; mean recovery of Met-sulfur in milk Met and Cys was 22%. Average response to similar levels of RPM supplementation in 2 Latin square trials was 37 g of protein/d with 17% Met recovery (Broderick et al., 2009) Probability of orthogonal contrasts for dietary source of alfalfa silage or supplementation with and without RPM. 4 Urinary excretion estimated using creatinine as a volume marker and fecal excretion estimated using indigestible ADF as an internal marker.
5
Nitrogen balance computed assuming milk protein contains 6.38% N.
6
Apparent digestibilities estimated from spot fecal sampling, using indigestible ADF as an internal marker.
with 17% Met recovery (Armentano et al., 1997) . That numerically greater protein yield and recovery occurred in cows fed alfalfa from the oxygen-limited structure suggested that utilization of this higher quality AS with greater intake and fiber digestibility, and hence better energy status, was more limited by Met supply.
COnCLuSIOnS
Chemical composition and digestibility of AS from an oxygen-limited silo indicated that there were lower fermentation losses from this silo, suggesting it would serve as a more effective structure for ensiling alfalfa than either bag or bunker silos. Losses of DM due to spoilage and as fermentation gases also were lowest from the oxygen-limited silo. However, production of milk and milk components was similar when diets formulated from these 3 alfalfa forages were fed continuously over a 12-wk experiment. Intake was greater on diets containing AS from the oxygen-limited silo and, because milk yield was not different, milk/DM intake was lower. Supplementing these diets with RPM to supply about 8 g/d of absorbable Met tended to increase milk/ DM intake and true protein yield, and gave a highly significant improvement in N efficiency, compared with not feeding RPM. The magnitude of the increase in protein yield, 42 g/d, was comparable to the responses observed in previous reversal trials. These results indicate that diets formulated from high-quality AS, corn silage, and high-moisture corn with supplemental soy protein are first-limiting in Met. 
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